Instrumental neutron activation analyses have been performed on samples of pottery from Abila of the Decapolis (northern Jordan) ranging in age from Early Bronze to Islamic (Abassid). Preliminary results suggest several groupings of samples from each of twelve major archaeological periods, implying a common source of raw materials for ceramic manufacture at Abila for specimens within each grouping, and different sources of raw materials for specimens from different groupings.
Background
Approximately 30-40 samples of pottery from each major archaeological period ranging from Early Bronze to Islamic (Abassid) were collected from the Abila of the Decapolis archaeological site during the summers of 1992, '94, '96, and '98. Abila is located in northern Jordan, approximately fifteen kilometers north-northeast of the city of Irbid and five kilometers south of the Yarmouk River (Fig. 1) .
The samples were collected with the intention to submit them for instrumental neutron activation analysis (INAA) to measure trace element concentrations, in the expectation that differences in the clay used for ceramic manufacture during different archaeological periods at Abila would be expressed in differences in trace element patterns in those samples. If that expectation were to be realized, it might be possible to identify sources of clay used for ceramic manufacture during those time periods by similarities in chemical compositions, or at least to eliminate those deposits of clay that differ from the pottery samples in chemical composition as possible sources of raw materials for ceramic manufacture at Abila during those archaeological periods. This is a preliminary report of the results of INAA of some of those samples.
Experimental
Two or three samples from each of the archaeological periods of interest have been analyzed. Some of these analyses were performed at the Ford Reactor of the Phoenix Laboratory at the University of Michigan, and the remainder were performed at the University of Missouri Research Reactor (MURR), following procedures used at most other laboratories. [1] [2] [3] The results of INAA from the University of Michigan were integrated with those from the University * E-mail: menn@calvin.edu of Missouri for preliminary statistical analysis of the data. The goal of the statistical analysis is to recognize compositionally homogeneous groups within the analytical database. Whether a group is discriminated easily from other groups can be evaluated visually in two dimensions or statistically in multiple dimensions. Based on the "provenance postulate," such distinguishable groups are assumed to consist of the manufactured products using clays from geographically restricted sources or source zones. The location of sources or source zones may be inferred by comparing the composition of unknown groups to that of known sources of raw materials. The results of the analyses are given in Table 1 .
Results and discussion
The small number of samples from each archaeological period severely limited the scope of statistical analyses that could be performed meaningfully, [4] [5] [6] and consequently the results reported here are tentative. Some groupings of samples from different archaeological periods are suggested by the bivariate plot of hafnium and lanthanum, as shown in Fig. 2 .
Group A consists of specimens of Terra Sigillata, a well-known style found throughout the Mediterranean region, and the chemical composition found in this study is consistent with that of similar ware found in the Eastern Mediterranean region. 7 Group C includes Umayyed gray and Umayyed painted specimens; Group D includes Early and Late Byzantine specimens; Group E includes Early and Late Roman specimens. Group B might suggest a continuum of more diverse ceramics from Early Bronze, Middle Bronze and Abassid ceramics. Because of the small number of samples, no estimates could be made of the probabilities of inclusion of the samples in these groupings, and the dashed lines are suggestive only.
Several clay samples were also analyzed. Most of these were collected as surface samples from various locations within the Abila excavation site. One sample from a pit at Al Fihes, just west of Amman, Jordan was analyzed; this clay is used for ceramic manufacture in modern times. The compositions of these clay samples, designated as "CM0xx," are shown along with those of pottery samples on the bivariate plot in Fig. 3 .
A few of the clays are depleted in many elements, including both lanthanum and hafnium. Others are scattered among the pottery samples on the bivariate plot. The clay from Al Fihes (CM002) lies within the grouping of Early and Late Byzantine specimens. These results suggest the possibility of some groupings of ceramics at Abila by archaeological period, with the implication of similar sources of raw materials within such groupings and different sources of raw materials for different groupings. The small number of samples analyzed prohibits definitive conclusions as to this suggestion. No complementary mineralogical studies have been done to examine the ceramic recipe(s) and types of paste and tempers making up the pottery.
Additional INAA analyses and other studies of the Abila samples are needed to provide more meaningful statistical data analysis and to confirm the groupings suggested by this study. 
